When we go to an art gallery, there are usually details about the artworks written on labels on the walls. These labels have been specially prepared by experts to give us their opinions about the art objects. We thought that most people believe what is written on those labels, and we wanted to understand how powerful these opinions could be. So, we put people into a brain scanner to measure their brain responses while they received different opinions about the same pictures. For this research, we used portrait paintings by the famous Dutch artist Rembrandt. Sometimes, we told our viewers that the portrait was a genuine Rembrandt and sometimes we told them the portrait was a fake. When we analyzed the brain responses, the most interesting responses were found when people were told that the paintings were fake. Two parts of the brain, one involved in strategic planning (called the frontopolar cortex) and one involved in vision (called the occipital cortex), seemed to work together when people thought the paintings were fake.
Or it could be significant because the artwork might have disappeared years ago, and everyone thought it was lost forever.
Whether the artwork is a surprise new finding or was simply lost, there needs to be a process of proving that it is the real thing. Nobody likes to be cheated. And nobody likes to be called a cheat. These seem to be basic rules that we learn as we grow up. So, when something is new or unusual, we learn to be careful about claiming that the object is genuine. When the new artwork is finally put on show in a museum or gallery, everybody wants to be sure that it is the real thing.
At the same time, the world around us is full of things we have to take on trust. We trust that cars will stop when the traffic lights are red, because we see that cars actually do stop (almost always). For artworks, it is a little different. Most of us have to rely on what art experts tell us. When we look at the objects on display in a gallery or museum, we assume that they are real. The sign next to the object is placed there to give us a bit more information, and it will usually state what is known about the picture or sculpture. Let us suppose that this sign provides the wrong information. The sign might claim that the artwork is genuine when, in reality, it is a fake. Would that matter?
In one way, it would not matter at all. The visual impression we get from looking at the artwork does not change if the sign next to the artwork is incorrect (Figure 1 ). Yet, if people find out afterward that they were looking at a fake instead of a genuine work of art, they would feel surprised and perhaps a bit cheated. People viewing the artwork tend to assume that the experts have done their best and are being honest.
This step of deciding whether the artwork is genuine is important. Sometimes, the value of a painting might change by more than 10 times, just based on the words of a couple of experts. We decided that we would try to find out what happens in the brain when people are given different opinions about the same artwork.
FIGURE 1
This image is made from two half-faces put sideby-side. One half is from a genuine Rembrandt; the other is from a copy. Can you tell which is which? Split image prepared by Martin Kemp. Martin advised us to use pictures by the famous Dutch artist, Rembrandt van Rijn. His reason was that there are quite a lot of similar-looking Rembrandt portraits. Some of these are known to be genuine; others are now thought to be painted by someone else. Very few of these other paintings are true forgeries, meaning that someone tried to cheat someone else out of money by making them. Often, they were painted by someone who liked or admired Rembrandt's work and wanted to try something similar for themselves. We called these artworks "copies, " not forgeries, because the artists who made them were not deliberately trying to cheat other people.
We were interested in copies that try to copy Rembrandt's style of painting, rather than being a direct copy of a particular painting. These copies have, in past years, deceived a lot of art experts. The Rembrandt project in the Netherlands has only recently begun to sort out all of these tangles about which paintings are genuine and which are not. Art experts call paintings "fake, " when they are not genuine.
Mengfei got us a set of images from the Rembrandt project. Some of these images showed genuine Rembrandt portraits but some of them showed fakes. We decided to show both the genuine and fake portraits to people in our brain scanner and then measure their brain activity (see Box 1). Before we did that, we rearranged the labels. We called some of the genuine works "authentic," meaning that they were really painted by Rembrandt, but we called other genuine works "copies," meaning that we incorrectly told people that they were not genuine Rembrandt paintings. For the images from the Rembrandt project that were fakes, we did the same swapping of labels.
So, we ended up with four types of image presentation in the scanner. Here is a table to show this.
By mixing up labels and images in the way shown here, we were able to find out specifically what effect swapping the labels has on brain activity, regardless of whether the image was authentic or a copy.
We then put our participants into the brain scanner (see Box 1) and got them to look at the sequence of images. Just before they saw an image, they heard an audio recording telling them whether the image was "authentic" or a "copy. " While they looked at the image, the scanner collected their brain responses. We divided the participants into two groups. Both groups saw all the images. The first group heard a label for each image, according to the mixing up of labels
The person slides on a narrow bed into the middle of a large tube, which contains a very strong magnet about 10,000 times stronger than the earth's magnetic field. By itself, the earth's magnetic field can pull a compass needle in alignment with North to South. Some atoms have an internal structure that makes them behave like tiny, magnetic compass needles. The brain scanner's main magnet is strong enough to align these tiny atomic magnets. Almost every chemical in the brain has this magnetic structure, but by far, the most common is water.
Placing the person's head in the brain scanner aligns the tiny atomic compass needles in the brain's water with the main magnetic field. The scanner then uses a burst of radio waves strong enough to push a few of these atomic magnets out of alignment. The atoms themselves do not move, but their internal compass needle is altered. When the burst is over, the atomic spin directions fall back to into alignment. The main atoms involved are the hydrogen atoms in the water molecules in the brain. The scanner has a super-sensitive detector to measure these tiny changes in magnetic alignment.
When nerve cells in the brain become active, the body starts sending an extra amount of blood flow to the active parts of the brain. It is almost as if the brain cleverly adjusts the blood flow upwards in anticipation of needing to use more energy. The exact details of how this works are not known yet, but what we do know is that the active regions of the brain have blood that contains more oxygen. Oxygen is carried in the blood by a protein (called hemoglobin) that has some iron in it. In the lungs, the oxygen attaches itself to the iron in the hemoglobin and gets released wherever the body needs oxygen.
Iron is always magnetic, but the iron in the blood becomes more or less magnetic depending on whether oxygen is attached. If the blood is more magnetic, it hides the signal we expect to get from those hydrogen atoms, as we described above. Therefore, we can figure out that, if the signal from the hydrogen atoms is weaker, then this brain region has more blood with oxygen attached. This shows us which regions of the brain are active at any one moment. The scanner covers the whole brain at once in every single scan, so we can see the whole picture of brain activation using this method. More details about how these pictures are created are in Box 2. and images in Table 1 . The second group saw the same images but in every case the label they heard was the opposite of what the first group heard. We tried to keep everything as balanced as we could, so that we were not biasing people one way or the other.
Mengfei then analyzed the brain images (see Box 2), with Holly's help, using the categories in Table 1 . In Figure 3 , you can see the regions of
The scanner has a couple of helper magnets as well as the main large magnet. These helper magnets vary the strength of the magnetic field at different positions in the scanner. Why is this useful? It turns out that when the internal compass needles of hydrogen atoms fall back into alignment with the main magnetic field, they wobble around. The rate at which this wobbling takes place depends very precisely on the strength of the magnetic field (see Figure 2) . This is where the helper magnets come in. They vary the strength of the magnetic field at each position inside the scanner. The result is that we know that a signal is coming from the water molecules on the left side of the brain because these hydrogen atoms are wobbling at a slightly different rate than the hydrogen atoms on the right side of the brain. This means that each position in the brain gets "tagged" with a different rate of wobble. The scanner can also create images of specific slices of the brain.
The rest of the processing is done by a computer that takes all these different signals, wobbling at slightly different frequencies, and turns them into a meaningful image that we can look at. The computer programme is quite complex, but it is rather like listening to someone playing the piano with your eyes closed. You know that the low bass notes must come from the left-hand end of the piano keyboard and the high notes from the right-hand end, because the piano is arranged that way. The scanner uses its helper magnets to achieve this arrangement.
For more details on how MRI scanners work, see https://www.win.ox.ac.uk/for-thepublic/what-is-fmri.
BOX 2 BOX 2
How do we get an image out of the brain scanner?
FIGURE 2
How the brain scanner makes an image. The helper magnets change the strength of the magnetic field so that the field is slightly stronger on one side of the person's head. This tunes the structures within the hydrogen atoms of water molecules to ring with different tones. Water molecules in different positions (represented by the bells) send out a slightly different tone. Low tones (large bells) to the right and high tones (small bells) to the left. The scanner uses a pulse of radio waves to set the bells ringing. The scanner's instruments and computer measure the tones coming back from the hydrogen atoms and build a spatial map based on the high and low tones coming back. the brain that showed up as important in our study. Taking the average across our 14 participants, we found three interesting things. First, when people were told that an image was "authentic" (even when this opinion was not true), a part of the brain called the orbitofrontal cortex became active. Brain scientists already know that this part of the brain responds Authentic image labeled "Authentic" Authentic image labeled "Copy"
Copy image labeled "Authentic" Copy image labeled "Copy" when we feel that something is rewarding or pleasurable. This might be anything from eating ice cream to winning at a game of cards. Being told that we are looking at a genuine Rembrandt also seems to be rewarding, based on our results.
Second, we tested whether the brain could tell the difference between a genuine Rembrandt portrait and a copy, regardless of the label. This meant comparing the brain responses from the first row of Table 1 against the brain responses from the second row. There was no meaningful difference. Although this result was a bit of a disappointment, it is still interesting. This result told us that the visual differences between the genuine Rembrandts and the copy Rembrandts were so small that on average people's brains responded in the same way to genuine and fake Rembrandts.
Third, and most interesting of all, were the brain responses to the "copy" label. After having their brains scanned, several people commented that each time they heard a "copy" label being given, they became quite busy trying to work out what made the image a fake, instead of genuine. Their brain responses showed this activity. A part of the brain right at the very front, just behind the forehead bone, became active. This brain area is called the frontopolar cortex. The frontopolar cortex is involved in problem-solving and working out long-term strategies, things that we usually associate with a high degree of intelligence. Brain scientists do not know everything that goes on in the frontopolar cortex, so it is interesting that it became active in our experimental situation.
